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Description

Background of the Invention

This invention relates to automatic neutral
point detecting systems for a hydraulic pump
adapted to drive at ieast one hydraulic actuator,
and, more particularly, it is concerned with an
automatic neutral point detecting system for a
hydraulic pump equipped with a displacement
varying device capable of shifting both in a {+)
direction and in a (—) direction, the displacement
varying device being automaticaily operated to
regulate the delivery of the pump, to thereby
effect control of the operation of the hydraulic
actuator.

Proposals have in recent years been made to
equip hydraulic pumps used in various types of
hydraulic machines and hydraulic apparatus with
a displacement varying device which is capable of
shifting both in a (+) direction and in a (—)
direction and to control such displacement vary-
ing device electrically to regulate the delivery of
the pump, in order to conserve energy and
improve the performance. In this control system,
displacement or shifting of the dispiacement
varying device of a hydraulic pump is auto-
matically detected and a signal is produced for
regulating the delivery of the hydraulic pump. In
this case, it is essential that the neutral point of
the hydraulic pump and the neutral point signal
produced by a device for detecting the shifting of
the displacement varying device exactly match.
To this end, it has hitherfo been usual practice to
provide a controi system for a hydraulic pump
with a zero point compensating circuit for locating
the neutral point of the hydraulic pump and
compensating the signal produced by the shifting
detecting device.

More specifically, as shown in Fig. 12 (Prior Art)
a hydraulic pump (1) provided with a displace-
ment varying device (1a) capable of shifting both
in a (+) direction and in a (—) direction is con-
nected to at least one hydraulic actuator (not
shown) and forms a hydraulic circuit for driving
the hydraulic actuator. The displacement varying
device may comprise a swash plate or a bent axis
depending on the type of the hydraulic pump. In
the description to be set forth hereinafter, the
displacement varying device will be described as
comprising a swash plate (1a). In this type of
hydraulic circuit, the swash plate is driven for
operation by a regulator (2) in accordance with an
electric signal inputted thereto. Associated with
the swash plate {1a) is a shifting detector (4) for
detecting the tilting of the swash piate (1a} which
comprises a potentiometer and the like. The
shifting detector (4) is mechanically connected to
the swash plate (1a) and produces a signal indica-
tive of the shifting of the swash plate. The shifting
detector (4) is electrically connected to a zero
point compensating circuit (58) for compensating
the zero point which comprises a variable resistor
{5a) and an adding circuit {5b). The principie of the
zero point compensation and the structure of the
zero point compensating circuit {5) are described
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later. An operation lever (6) for operating the
actuator produces a signal indicative of a manipu-
lated variable. A signal produced by the zero point
compensating circuit (5) and the signal produced
by the operation lever (6) are supplied to a controi
unit (7} which generates a control signal and is
supplied to the regulator (2) for effecting control
to bring the shifting of the swash plate (1a) into
agreement with the shifting commanded by the
operation lever (6).

The principle of the zero point compensation
and the structure of the zero point compensating

‘circuit (5) will be described in detail. In order for

the shifting detector (4) to produce a correct
signal indicative of the shifting of the swash plate
(1a), the neutral point of the hydraulic pump (1) or
the neutral point of the swash plate (1a) should
agree with a neutral point signai produced by the
shifting detector (4) when the swash plate (1a) is
in the neutral position, or a signal (OV), for
example. However, since the swash plate {1a) is
mechanically connected to the shifting detector
(4), it is very difficult to connect them together in
such a manner that a perfect agreement can be
reached between the neutral point of the swash
plate {1a) and the neutral point signal {(OV) pro-
duced by the shifting detector (4). If there is a
difference between the neutral point of the swash
plate (1a) and the neutral point signal (OV) pro-
duced by the shifting detector (4), then the shift-
ing detector (4} would produce the neutral point
signal even if the swash plate is not located in the
neutral position, and cause the control unit (7) to
effect control assuming such a non-neutral posi-
tion as the neutral position. As a result, the swash
plate (1a) wouid not actuaily be located in the
neutral position in spite of the fact that the
operation lever (6) is operated to bring the swash
plate (1a) to the neutral position or it commands
the hydraulic pump (1) to reduce its delivery to
zero, so that hydraulic fluid would be discharged
through one of a pair of ports (a, b) of the
hydraulic pump (1). When this occurs, the
hydraulic fluid thus delivered by the hydraulic
pump would flow through a relief valve (not
shown)} connected in the hydraulic circuit to a
reservoir (also not shown), thereby wasting the
energy of the hydraulic fluid. Moreover, even if
the operation lever (6) is manipulated to com-
mand the hydraulic pump (1) to deliver the
hydraulic fluid in the same volume for both of the
pair of ports (a,b) or the pump, the actual
deliveries at the ports would have different
values. Also, even if an attempt is made to move
the actuator in one direction, the situation might
arise in which the actuator would move in the
opposite direction for an instant before moving in
the correct direction, thereby adversely affecting
the operation of the actuator.

To obviate these problems, it has hitherto been
usual practice to provide the control system with
the zero point compensating circuit (5) to com-
pensate for any discrepancy that might exist
between the neutral point of the swash piate (1a)
and the neutral point signal (OV) produced by the
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shifting detector (4). More specifically, the zero
point compensating circuit (5) operates such that
when there is a difference between a signal that
should be produced by the shifting detector (4)
when the swash plate is in the neutral position
and the signal actually produced by the shifting
detector, the variable resistor (5a) produces a
signal indicative of the difference, and the signal
is added to the output signal of the shifting
detector {4) by the adding circuit (5b) to compen-
sate the output signal of the shifting detector.
Thus, the neutral position of the swash plate and
the signal inputted to the control unit (7) can be
brought into agreement with each other, thereby
obviating the aforesaid problems.

The compensation to be commanded by the
variable resistor (5a) of the zero point compensat-
ing circuit (5) is set as follows. The hydraulic
pump (1) is driven by a prime mover while the
operation lever (6) is brought to a neutral posi-
tion. The variable resistor (5a) is adjusted in such
a manner that the hydraulic fluid discharged
through the two ports {(a, b) of the hydraulic pump
(1) becomes zero in volume or the swash plate
(1a) shifts to a neutral position while the oper-
ation lever (6) is in the neutral position as
aforesaid. The value of the variable resistor (5a)
reached at this time is one which should be used
for effecting compensation.

Some disadvantages are associated with the
use of the zero point compensating circuit (5) of
the prior art. First, it is troublesome to manuaily
effect adjustments of the variable resistor (5a).
The trouble increases in proportion to an increase
in the number of hydraulic pumps. It wouid be
apparent that it wouid not be desirable for adjust-
ment of the variable resistor (5a) to be handled in
the process of production of the hydraulic
machines before they are shipped to the users.
Moreover, even if the variable resistor (5a) are
correctly adjusted before being soid to the users,
there would occur any disagreement due to drift
in the zero point compensating circuit (5) by
changes in temperature, and due to changes in
the connection between the swash plate (1a) and
the shifting detector (4) with time. This requires
frequent inspection and adjustment and the oper-
ation required therefor is time-consuming and
labor-wasting.

Summary of the invention

This invention has been developed for the
purpose of obviating the aforesaid disadvantages
of the prior art. Accordingly, the invention has as
its object the provision of an automatic neutral
point detecting system for a hydraulic pump
capable of effecting automatic detection of the
hydraulic pump in the neutral point to thereby
enable control of the hydraulic pump to be
accurately effected.

To accomplish the aforesaid object, the inven-
tion provides an automatic neutral point detecting
system for a hydraulic pump equipped with dis-
placement varying means capable of shifting both
in a (+) direction so as to provide a discharge at
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one of a pair of ports thereof and in (—) direction
so as to provide a discharge at the other of said
pair of ports, said pump being connected through
said pair of ports to at least one hydraulic actuator
to form a hydraulic circuit for driving the
hydraulic actuator, comprising:

(a) means for sensing the port pressures of the
hydraulic pump;

(b} means for detecting the shifting of the
displacement varying means;

(c) means for closing the hydraulic circuit to
block the flow of a hydraulic fluid therethrough;

(d) start means for giving a command to start
detecting of the neutral point of the hydrauiic
pump; and

(e) control means for performing detection of
the neutral point of the hydraulic pump;

(f) said control means including:

(i) means responsive to the command given by
said start means for giving a command to activate
said closing means;

(ii) data collecting means for causing the dis-
placement varying means to shift at least once in
the (+) direction and in the (—) direction based on
information from said pressure sensing means
and said shifting detecting means until the port
pressure of the hydraulic pump on the respective
discharge side thereof sensed by said pressure
sensing means becomes at least substantially
equal to the same predetermined pressure set
beforehand for each shifting direction, and col-
lecting data on the values of the means for
detecting of the shifting of the displacement
varying means obtained when said port pressure
each becomes substantially equal to the predeter-
mined value; and

(iii) means for obtaining a mean of the values
collected by said data collecting means.

Brief Description of the Drawings

Fig. 1 is a block diagram showing the basic
construction of the automatic neutral point
detecting system for a hydraulic pump according
to the invention;

Fig. 2 is a block diagram showing one form of
the data collecting means of the control unit
shown in Fig. 1;

Fig. 3 is a block diagram showing one form of
the initial setting means of the control unit shown
in Fig. 1;

Fig. 4 is a block diagram of the automatic
neutral point detecting system for a hydraulic
pump comprising one embodiment of the inven-
tion;

Fig. 5 is a flow chart in explanation of the
processes performed by the contro! unit shown in
Fig. 4 in accordance with the program stored in
the read-only memory;

Figs. 6, 7, 8 and 9 are flow charis showing the
processes performed as a swash plate tilting
servo routine, an initial setting routine, a data
collecting routine and a mean value producing
routine, respectively;

Fig. 10 is a schematic view of the hydraulic
circuit and the electric circuit representing a part
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of the automatic neutral point detecting system
for a hydraulic pump comprising another embodi-
ment of the invention; and

Fig. 11 is a block diagram of the automatic
neutral point detecting system for a hydraulic
pump comprising still another embodiment of the
invention. -

Fig. 12 is a schematic view of the hydraulic
circuit according to the prior art.

Description of the Preferred Embodiments

Referring to Fig. 1, the reference numeral 1
designates a hydraulic pump equipped with a
displacement varying device 1a capable of shift-
ing both in a (+) direction and in a (—) direction. In
the embodiment shown, the displacement vary-
ing device 1a comprises a swash plate which has
its shifting or tilting regulated by a regulator 2
which becomes operative upon receipt of an
electric signal. The hydraulic pump is connected
to a hydraulic actuator, not shown, and forms a
hydraulic circuit to drive the hydraulic actuator.

Connected between the hydraulic pump 1 and
the hydraulic actuator is an on-off control valve 3
movable between an open position and a closed
position upon receipt of an electric signal. The on-
off control valve 3 constitutes means for closing
the hydraulic circuit to block the flow of a
hydrautlic fluid therethrough.

The swash plate 1a is operatively associated
with a shifting detector 4 for detecting its tilting
which comprises a potentiometer. The shifting
detector 4 is mechanically connected to the swash
plate 1a and produces a signal Y indicative of the
tilting of the swash plate 1a. Pressure sensors 8a
and 8b are connected to ports @ and b, respec-
tively, of the hydraulic pump 1 and produce
signals Pa and Pb indicative of the pressures in
the ports a and b respectively.

A reference numeral 9 generally designates a
control unit constituting an essential part of the
automatic neutral point detecting system for the
hydraulic pump 1. The control unit 9 is responsive
to a command given by start means 10 to perform
detection of the neutral point of the hydraulic
pump 1.

in its basic construction, the control unit 9
comprises {i) means 90 responsive to a command
given by the start means 10 to give a command to
activate the valve 3, {ii) data collecting means 91
for causing the swash plate 1a to shift at least
once in a (+) direction and in a {—) direction based
on information from the pressure sensors 8a and
8B and the shifting detector 4 until the port
pressure on the discharge side of the hydraulic
pump 1 becomes at least substantially equal to
the same predetermined value set beforehand for
each shifting direction, and collecting data on the
values of the tilting of the swash plate 1a obtained
when the port pressure on the discharge side of
the hydraulic pump 1 becomes substantially
equal to the predetermined pressure, and (iii)
means 92 for obtaining a mean of the value
collected by the data collecting mean 91.

Preferably, the control unit 9 further includes
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(iv) means 93 responsive to the command given
by the start means 10 for causing the swash plate
1a to shift to an instantaneous neutral position
before the data collecting means 91 and the mean
value producing means 92 start their operation.

Preferably, the control unit 9 further includes {v)
initial setting means 94 for deciding, based on
information from the pressure sensors 8a and 8b,
the direction in which the swash plate 1a first
shifts in accordance with the operation of the data
collecting means before the data collecting
means 91 and mean producing means 92 start
their operation.

As shown in Fig. 2, the data collecting means 91
preferably includes means 810 for determining
whether or not the port pressure on the discharge
side of the hydraulic pump 1 is higher than the
predetermined value set beforehand, means 911
for causing the swash plate 1a to shift by a
predetermined unit amount when the port
pressure is not higher than the predetermined
value set beforehand, and means for reading the
shifting of the swash plate 1a when the port
pressure becomes substantially equal to the pre-
determined value set beforehand.

Preferably, the data collecting means further
includes means for reversing the direction in
which the swash plate 1a shifts after the swash
plate 1a first shifts in the direction as decided by
the initial setting means 94 and data on the
shifting thereof in said direction has been col-
lected.

As shown in Fig. 4, the initial setting means 94
preferably includes means 940 for determining
whether or not port pressure of one of the pair of
ports of the hydraulic pump 1 is higher than the
predetermined vaiue when the swash plate 1a is
in the instantaneous neutral position, and means
941 for bringing the initial shifting direction into
agreement with a direction in which the port
pressure rises when the port pressure is not
higher than the predetermined pressure and
bringing the initial shifting direction into agree-
ment with a direction in which the pump pressure
drops when the port pressure is higher than the
predetermined pressure.

As shown in Fig. 4, the control unit 9 can be
formed by using a microcomputer in one embodi-
ment of the invention. In this embodiment, an
operation lever 6 for operating the hydraulic
actuator is connected to the control unit 9 and
produces a signal X indicative of its manipulated
variable. The start means 10 comprise a start
switch which is closed when a command is given
to initiate detection of the neutral point of the
hydraulic pump 1.

The control unit 9 comprises a muitiplexor 9a,
an A/D converter 9b, a central processing unit
(hereinafter CPU) 9¢, a read-only memory (herein-
after ROM) 9d, a random access memory (herein-
after RAM) 9e, an output unit 9f and an input unit
9g. The multiplexor 9a has inputted thereto a
signal Y produced by the shifting detecter 4, the
signal X produced by the operation lever 6 and
signals Pa and Pb produced by the pressure
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sensors 8a and 8b, respectively, which are
switched by the control signal produced by the
CPU 9c. The A/D converter 8b converts the analog
signals X, Y, Pa and Pb to digital signais. The ROM
9d is a memory for storing the processes per-
formed by the control unit 9, and the CPU 9¢
performs necessary arithmetic and logical oper-
ations in accordance with these processes. The
RAM 9e is a memory for temporarily storing the
signals X, Y, Pa and Pb supplied from outside and
the results of the operations performed by the
CPU 9c. The output unit 9f supplies to the regu-
lator 2 and valve 3 control signals produced as the
results of the arithmetic and logical operation
performed by the CPU 9c. The input unit 9g has
inputted thereto the condition of the switch 10
whether it is ON or OFF.

The processes performed by the control unit 8
which are stored in the ROM 9d will be described
by referring to the flow charts shown in Fig. 5—9.
In the flow charts, S,, S, ... designate steps. In
Fig. 5, the steps shown in the block bounded by
dash-and-dot lines are for processes for auto-
matic detection of the neutral point, and the steps
shown outside the dash-and-dot lines are for
processes usually performed for controlling the
swash plate 1a. The processes usually performed
for controlling the swash plate 1a will first be
described.

When a switch connecting the system to a
power source is turned on, the CPU 9¢ activates
the multiplexor 9a and A/D converter 9b in
accordance with the processes stored in the ROM
9d and stores in the RAM 9e a lever command
value X which is a signal produced by the oper-
ation lever 6, a swash piate tilting value Y which is
a signal produced by the shifting detector 4 and
pressure Pa and Pb which are signals produced
by the pressure sensors 8a and 8b (S,). Then, the
CPU 9c reads the condition of the switch 10
through the input unit 9g and determines whether
the switch is ON or OFF (S.). When the switch 10
is OFF {or when no command to initiate automatic
neutral point detection has been given), the CPU
9c¢ retrieves a zero compensating value Y, which
is produced by calculation previously done in
automatic neutral point detection subsequently to
be described and stored, and deducts the zero
compensating value Y, from the swash plate
tilting value Y and produces a compensated
swash plate tilting value Y (S;). Thereafter, on-off
control of the valve 3 is effected (S,) and the step
proceeds to a swash plate tilting servo routine
(Ss) in which the tilting of the swash plate 1a is
controlled to a value commanded by the oper-
ation lever 6.

Fig. 6 shows in detail the processes performed
in the swash plate tilting servo routine. More
specifically, the new swash plate tilting value Y
produced by calculation in step S; is deducted
from the lever command value X to produce a
differential AY by calculation (Ss—¢). Then, it is
determined whether the differential AY is posi-
tive, negative or zero (Ss_,). When the differential
AY is positive, a signal for moving the swash plate
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1a in a (+) direction shown in Fig. 4 is supplied to
the regulator 2 (Ss_;); when the differential AY is
negative, a signai for moving the swash plate 1a
in a {—} direction is supplied to the regulator 2
{Ss-5); and when the differential AY is zero, a
signal for stopping the swash plate 1a is supplied
to the regulator 2 (Sg_,). After the processes of the
step S; are performed, the step S, is foilowed
again and the steps S,—Ss are repeatedly
followed to control the movement of the swash
plate 1a.

Automatic neutral position detecting processes
are performed when the start switch 10 is turned
on to effect detection of the neutral point of the
hydraulic pump 1. More specificaily, upon the
start switch 10 being turned on, the processes
shown in Fig. 5 shift from step S, to step Sg and et
seq. which are automatic neutral point detection
processes bounded by the dash-and-dot lines.
Before describing the automatic neutral point
detection processes, let us outline the processes.

First of all, the hydraulic pump 1 is driven by a
prime mover and the on-off control valve 3 is
closed to bring the hydrauiic circuit to a closed
condition. Then, the swash plate 1a is moved in
the (+) direction and the (—) direction until in each
direction a pressure of a value set beforehand is
produced. Even if the on-off control valve 3 is
closed, the hydraulic fluid may leak in minute
volumes from the high pressure side to the low
pressure side between the ports a and b and the
reservoir. Thus, there is a range in which no
pressure is produced even if the swash plate 1a is
moved slightly. Thus, the movement of the swash
plate 1a described hereinabove would exceed the
aforesaid range. Whether or not the pressure of
the value set beforehand has been produced can
be determined from the signals Pa and Pb pro-
duced by the pressure sensors 8a and 8b, respec-
tively. If the pressure of the value set beforehand
has been produced, then sampling is performed
on the signal Y produced by the shifting detector
4 in accordance with the tilting of the swash plate
1a. Sampling is performed each time the swash
plate 1a moves in the (+) direction or in the (—)
direction. The swash plate 1a may be moved in
reciprocatory movement several times, and the
values obtained by sampling are totalied finally
and their mean is obtained by calculation. The
mean value obtained in this process is the value
of a signal produced by the shifting detector 4
which corresponds to the actual neutral point of
the swash plate 1a. The difference between the
value of this signal and the value of a signal
produced by the shifting detector 4 which indi-
cates the instantaneous neutral position of the
swash plate 1a (or the value of a signal which
wouid be produced by the shifting detector 4
when the swash plate 1ais in the neutral position)
represents a displacement between the swash
plate 1a and the shifting detector 4.

The processes outlined hereinabove will be
described in detail. If the start switch 10 is closed
in step S, shown in Fig. 5, then step S; is followed
and the automatic neutral point detection pro-
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cesses are performed. First of all, the on-off
control valve 3 is closed to close the hydraulic
circuit and block the flow of hydraulic fluid there-
through (Sg). Then, whether or not the automatic
neutral point detection routine is followed for the
first time is determined (S;). To this end, a value 0
is stored in one of addresses in the RAM 9e when
the start switch 10 is closed and the value is
changed to 1 when the process shifts from step S;
to step Sg, and whether the value in the address is
0 or 1 is determined in step S;. In this case, the
automatic neutral point detection routine is
followed for the first time, so that the process
shifts to step Ss. In step Sg, a swash plate tilting
command X, which is a command to move the
swash plate 1a is neutralized. This command is
the same command given when the operation
lever 6 is brought to a neutral position. However,
in this process, a command is given to neutralize
the swash piate tilting command X, without
regard to the operation lever 6. This substitutes
the swash plate tilting command X, for the lever
command vaiue X. Then, the process shifts to
step S; which is a swash plate tilting servo routine
in which processes shown in Fig.6 are per-
formed. As a result, the swash plate 1a is con-
trolled to a tilting value corresponding to the
neutral point of the shifting detector 4, and when
there is a disagreement between the swash plate
1a and the neutral point of the shifting detector 4,
the swash plate 1a is in a position in which it tilts
either in the (+) direction or in the (—) direction.
The process returns to step S, and steps S, and S
are followed before the process shifts to step S,.
In step S,, a check on the address as described
hereinabove shows that the automatic neutral
point detection routine is followed for the second
time, so that the process shifts to step S,. In step
S, it is determined that the process is performed
for the second time and the process shifts to step
S,¢- At this time, the value stored in the address as
aforesaid is added with 1.

Step Sy is an initial setting routine, and the
processes performed in this routine are shown in
Fig. 7. As described hereinabove, when there is a
disagreement between the swash piate 1a and the
neutral point of the shifting detector 4, the swash
piate 1a tilts in either direction from the neutral
position. When the tilting is great (or when the
disagreement is of a large magnitude), the tilting
might be such that a pressure equal to or higher
than the pressure of the value set beforehand is
being produced. In the automatic neutral point
detection routine now being described, the pro-
cesses performed include processes in which the
swash plate 1a is successively moved in the {+)
direction and in the {—) direction, and sampling is
performed of the signal Y produced by the shift-
ing detector 4 in a first of ail the processes
performed for moving the swash plate 1a in
which the pressure of the value set beforehand is
produced. Therefore, if tilting of the swash plate
1a is such that the swash plate 1a allows a
pressure of a value higher than the value set
beforehand to be produced, then it is meaning-
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less to further tilt the swash plate 1a in the same
direction. The initial setting routine of step Sypis a
routine for determining in which direction the
swash piate 1a should be moved to eliminate the
meaningless tilting movement. Thus, in the initial
setting routine, whether or not the value of the
signal Pa of the pressure sensor 8a received in
step S, is greater than the pressure of the value
set beforehand or the pressure P, {S10-1). When
the tilting of the swash plate 1a is such that the
pressure P, is not produced vet, it is effective to
move the swash plate 1a in the (+) direction, so
that a tilting direction flag is set at (+) (Sjp-2).
When the signal Pa of the pressure sensor 8a
exceeds the pressure P, it is meaningless to
further tiit the swash plate 1a in the (+) direction
as described hereinabove, so that a tilting fiag is
set at {—) (Sqo-3). This decides the initial tilting
direction of the swash plate 1a in the data collec-
tion routine subsequently to be described. Then, a
command is given to neutralize the pump tilting
command X (Sqo-4), and the pump tilting com-
mand X, is substituted for the lever command
value X (S;,-5). This enables the swash plate 1a to
remain in the tilting position which it now
occupies when the process shifts to the swash
plate tilting servo routine (Ss) through the next
following step Sig-¢. In step Sio-¢: an operation is
performed to clear the sampling counter to take a
zero. As described hereinabove, the swash plate
1a is moved in reciprocatory movement several
times in the {+) and (—) directions, and the values
of the signal Y produced by the shifting detector 4
are collected whenever the pressure P, set
beforehand is reached while the swash piate 1a is
tilted. The number of times the values are col-
lected is predetermined, and sampling is termi-
nated when the predetermined number is
reached. This makes it necessary to count the
number of times the values are collected. The
sampling counter is used for this purpose and set
at zero beforehand in step S, for preparation to
collect the values of the signal Y to be performed
in the following process. When the process of
step Sq0-¢ is finished, the process is returned to
step S; through step Sg. Then, the processes are
performed again by starting at step S, and reach
step S, through steps S,, Sg and S; (see Fig. 5).
When the value stored in the address as
described hereinabove is checked, it shows that
the processes are performed for the third time.
Thus, by determining that the processes are
followed not for the second time but for the third
time, the processes shift to the next step Sy;. In
step S,4, it is determined whether or not to value
indicated by the sampling counter coincides with
the value set beforehand. In this case, however,
the value indicated by the sampling counter is
zero because the values of the signal Y are not
collected yet, so that the process shifts to step Sy,.

Step S,, is a data collection routine. Until the
process shifts to step S;,, the swash plate 1a is
held in a state of tilting corresponding to a signal
for neutralizing the swash plate tilting command
X.. it is not until the process shifts to the data
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collection routine that the swash plate 1a tilts in
the (+) direction or in the (—) direction to allow
data (values of the signal Y produced by the
shifting detector 4 when the pressure P, set
beforehand is produced) to be collected.

Fig. 8 shows in detail the processes performed
in step S;,. First of all, in step Sy,—;, it is deter-
mined whether the tilting direction flag set in step
Sq0—2 OF Sy0-3 is (+) or (=). If the tilting direction
flat is found to be (+), then it is determined
whether or not the pressure Pa sensed by the
pressure sensor 8a is higher than the pressure Pr
set beforehand (S;,-,). If the pressure signal Pa is
lower than the pressure Pr set beforehand (Sy,-5).
If the pressure signal Pa is lower than the
pressure Pr set beforehand, then the swash plate
tilting command X, is added with 1 (Sy,—3). The 1
added is a value corresponding to a predeter-
mined tilting unit angle of the swash plate 1a.
Assume that the tilting unit angle is set at 0.5
degree, for example, then the swash plate 1a
would be moved through 0.5 degree each time
the swash plate tilting command X is added with
1 in the swash plate tilting servo routine, That is,
the swash plate 1a would have its tilting angle
increased by 0.5 degree until the pressure Pr set
beforehand is produced. Then, a new swash plate
tilting command X, increased in step Sy;—; is
substituted for the lever command value X
{S42-4), and the process shifts to step Sg in which
the swash plate 1a is moved from the position
which it has occupied until it taken a new position
after being driven in the (+) direction through a
tilting angle corresponding to the value 1. The
processes are performed again through steps Sy,
S,, S, S7, Se, S11, S12-1 and Syz_,. If it is deter-
mined in step S;,—, that the pressure Pr set
beforehand is not reached yet, then the swash
plate tilting command X, is further added with a
value 1 (Sy,_;), so that the swash plate 1a is
further driven in the (+) direction through a tilting
angle corresponding to the value 1. These pro-
cesses are repeatedly performed until the
pressure Pa sensed by the pressure sensor 9a
becomes higher than the pressure Pr set
beforehand. When the pressure Pa becomes
higher than the pressure Pr, the process shifts to
step Sq,—s and the swash plate tilting value Y
detected by the shifting detector 4 at that time is
stored in a predetermined address in the RAM 9e.
Then, the predetermined address in the RAM Qe is
increased by 1 and the number of the sampling
counter is also increased by 1 (S;,..¢) while setting
a tilting direction flag at (—). Although it is not
essential to increase address by one or to use an
adjacent address, producing of a mean of the
values detected would be facilitated if address is
increased by one. The increase of the number of
sampling counter by one means that one set of
data is stored and is used for determination in
step Syy. By setting the tilting direction flag at {—),
a preparation is done for tilting the swash plate 1a
in the (—) direction in the next following process.
When the process of step Sy.-; is finished, the
process is returned to step S; through step Ss. In
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the next cycle of operation, the process shifts
from step S,,_, because the tilting direction flag is
set at {—). In step S;.—s the pressure signal Pb
produced by the pressure sensor 8b is compared
with the pressure Pr set beforehand. In this case,
the pressure signal Pb is lower than the pressure
Pr set beforehand because the swash plate 1a is
tilting in the {+) direction. Therefore, in the next
step Sy,—q, the swash plate tilting command X, is
reduced by 1, and the reduced swash plate tilting
command X, is substituted for the lever com-
mand value X. Thus, in step S;, the swash plate 1a
is moved in the () direction through a tilting
angle corresponding to the value 1. As is the case
with the operation performed when the tilting
direction flag is set at (+), the operation is
performed until the pressure signal Pb becomes
higher than the pressure Pr set beforehand. When
the pressure signal Pb becomes higher than the
pressure Pr set beforehand, the process shifts to
step Siz-11, and the signal Y produced by the
shifting detector 4 at that time or the swash plate
tilting value Y is stored in the address next to the
predetermined address in the RAM 9e described
hereinabove, and the next address is set and the
number of the sampling counter is increased by 1
(S42-12). In the next following operation, since the
swash plate 1ais to be moved in the (+) direction,
the tilting direction flag is set at (+) {Sy5-13). Thus,
the swash plate 1a is caused to tilt a predeter-
mined unit amount both in the (+) direction and
in the (—) direction, and the swash piate tilting
values Y are stored each time when the pressure
Pr set beforehand is produced. This operation is
repeatedly performed for a predetermined
number of times to thereby collect data.

When the data collection is finished, it is deter-
mined in step Sy, that the number counted by the
sampling counter is equal to the number set
beforehand, so that the process shifts to step Sy;
which is a mean value producing routine for
producing a mean of the values collected as data
by the processes performed as shown in detail in
Fig. 9. In the mean value producing routine, all the
values collected as data are retrieved from the
addresses in the RAM 9e and added together to
produce a totai which is divided by the number of
times the data collection was performed (the
values obtained by the sampling counter) in step
S,3-1. Avalue X,, obtained is a mean of the values
obtained by adding together the values of the
signal Y produced when the same pressure is
produced in the (+) direction and in the (-)
direction in which the swash plate 1a shifts and by
dividing the values by the number of the signal Y
produced. Stated differently, the value X, is a
value of the signal Y representing a position of the
swash plate 1a intermediate between the tilting
positions of the swash plate in the {+) direction
and in the {—) direction in which the pressures
produced shown the same value. Such position of
the swash plate 1a corresponds to the neutral
position of the swash plate 1a. Thus, the value X,
is the value of the signal Y when the swash plate
1a is actually in the neutral position. It will be



13 0 105 523 14

apparent that for a mean of the values described
hereinabove to be obtained, data collection
should be performed for the same number of
times in the (+) and (—) directions, and the value
of the sampling counter (the value set in step S4)
is an even number. By increasing the value set in
step Sy, it is possible to increase the accuracy of
the value X,,. Then, a zero compensating vaiue Yg
is obtained based on the swash plate tilting
neutral value X,,.. The zero compensating value Y,
represents a difference between the value of the
signal Y when the swash plate 1a is actually in the
neutral position and the vaiue (neutral value} of
the signal Y when the swash plate 1a is con-
sidered to be in the neutral position. To obtain the
zero compensating value Y,, an arithmetic oper-
ation is performed in which the neutral value is
deducted from the swash plate tilting neutral
value X, (S13—»). When the neutral value is zero,
the zero compensating value Y, becomes the
swash plate tilting material value X, itself. When
this arithmetic operation is finished, the process
shifts to step Ss in which the zero compensating
value Y, obtained in step Sy;—, is stored in a
predetermined address in the RAM 9e. The zero
compensating value Y, stored in this way is
retrieved for use in performing processes in step
S, in the control operation to be performed later.
When the start switch 10 is opened, shifting of the
process from step S, to step S is blocked and the
automatic neutral point detecting operation
comes to an end, allowing normal control oper-
ations to be performed.

As described hereinabove, the embodiment
shown and described hereinabove comprises
means for causing the swash plate to ftilt alter-
nately in the (+) direction and in the (~) direction
for a plurality of number of times and storing the
values of signal produced by the shifting detector
when pressures produced exceed a pressure of a
predetermined value, and means for producing a
mean of these values. By virtue of these features,
it is possible to automatically detect the actual
neutral point of the swash plate without requiring
any manual operation, thereby enabling control
of the hydraulic pump to be accurately per-
formed.

Fig. 10 shows in a schematic view the hydraulic
circuit and the electric circuit of the automatic
neutral point detecting system comprising
another embodiment of the invention.

The embodiment shown in Fig. 10 is distinct
from the embodiment shown in Fig. 4 in that the
pressure sensors 8a and 8b for continuously
sensing pressures are replaced by other means
for sensing pressures, and the two embodiments
are similar to each other in other respects, so that
description and showing of the parts shared by
the two embodiments shall be omitted. A cylinder
11 is formed at opposite ends thereof with ports
a;; and by; communicating with the ports a and b
of the hydraulic pump 1, respectively. The
cylinder 11 has fitted therein a piston 12 for
sliding movement in opposite directions. Springs
13a and 13b are mounted between the piston 12
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and opposite ends of the cylinder 11, respectively,
and equal to each other in biasing force. 14a and
14b are contact switches which are rendered
operative when the piston 12 moves. When the
swash plate 1a is driven, pressure is applied to the
port a4 or by, and causes the piston 12 to move in
sliding movement against the biasing force of the
spring 13a or 13b. When the distance covered by
the movement of the piston 12 reaches a pre-
determined value, the contact switch 14aor 14b is
closed. By adjusting the biasing forces of the
springs 13a and 13b in such a manner that the
contact switch 14a or 14b is closed when the
pressure Pr set beforehand as described by refer-
ring to the embodiment shown in Figs. 1—9 is
applied to the port a,; or b4, it is possible to let
automatic detection of the neutral point of the
swash plate 1a to be effected in the same manner
as described hereinabove by referring to the
embodiment shown in Fig. 4. More specifically,
ON and OFF conditions of the contact switches
14a and 14b are inputted to the input unit 9a of the
control unit 9. If this operation is performed, then
one only has to determine whether the contact
switches 14a and 14b are ON or OFF in step S;o-4
of the initial setting routine and in step S;,—, and
step Sq,-g Of the data collection routine when the
control unit 9 performs control operations, and
there is no need to aiter other processes per-
formed in effecting automatic neutral point detec-
tion.

In place of using the cylinder 11, piston 12,
springs 13a and 13b and contact switches 14a and
14b, pressure switches may be used which would
be mounted on the side of the port a2 and on the
side of port b respectively of the hydraulic pump
1. In this modification, the pressure switches
would be activated by pressures which are set
beforehand and ON and OFF conditions of the
pressure switches would be inputted to the input
unit of the control unit. When the modification of
the embodiment is used, the same effects as
achieved by the embodiment shown in Fig. 10
could be achieved.

Fig. 11 is a block diagram of the automatic
neutral point detecting system comprising still
another embodiment.

The embodiment shown in Fig. 11 is distinct
from the embodiment shown in Fig. 4 in that the
ON-OFF control valve 3 of the former is replaced
by other means for closing the hydraulic circuit to
block the flow of a hydraulic fluid.

In the hydraulic circuit in which the hydraulic
pump 1 is mounted, a hydraulic motor 19 for
activating a traveling member, for example, is
connected as a hydraulic actuator driven by the
pump 1. The hydraulic motor 19 is equipped with
a brake system 15 comprising a brake shoe 15a, a
cylinder chamber 15b and a spring 15c. As
hydraulic fluid is supplied from a hydraulic fluid
source 16 to the cylinder chamber 15a, the spring
15¢ is contracted and the brake shoe 15a is
released from contact with the hydraulic motor
19. When the cylinder chamber 15b is brought
into communication with a reservoir 17, the
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spring 15¢ is expanded and the brake shoe 15a is
brought into contact with the hydraulic motor 19
to thereby apply the brake. A directional control
valve 18 is used for switching the cylinder
chamber 15b from the hydraulic fluid source 16 to
the reservoir 17 and vice versa for connection.
The directional control valve 18 is activated by an
electric signal. When the electric signal is OFF, the
valve 18 takes a position A to allow the cylinder
chamber 15b to communicate with the reservoir
17 to activate the brake system. When the electric
signal is ON, the valve 18 is moved to take a
position B to bring the cylinder chamber 15b into
communication with the hydraulic fluid source 16
to thereby deactivate the brake system 15.

The brake system 15 constitutes means for
closing the hydraulic circuit to block the flow of a
hydraulic fluid therethrough. In this case, the
contro!l unit 9 may be modified by incorporating
an amendment in the flow charts of Figs. 5—9
showing the processes stored in the ROM 9d such
that the control unit 9 controls the operation of
the brake system 15 in step S, in which normal
control processes are performed and turns off the
control valve 18 to activate the brake system 15 in
step Sg in which automatic neutral point detecting
processes are followed. There is no need to aiter
the other processes performed by the control unit
9.

In the embodiments shown and described here-
inabove, the start switch for giving a command to
start automatic neutral point detection may, of
course, be manually operated. However, the
invention is not limited to this specific form of the
start switch and the start switch may be actuated
automatically in conjunction with the other oper-
ation. For example, the start switch may be
constructed such that it is closed when the prime
mover for driving the hydraulic pump is started
and opened after lapse of a predetermined period
of time. Also, the start switch may be constructed
such that it gives a command to start automatic
neutral point detection when it is opened, not
when it is closed. In the embodiments shown and
described hereinabove, the swash plate has been
described as being driven for shifting movement
in both directions for a plurality of reciprocatory
movements. However, it is not essentially
necessary to move the swash plate several times
and the number of times the swash plate is
moved may be only one in each direction to
accomplish the object.

From the foregoing, it will be appreciated that
the automatic neutral point detecting system
according to the invention for a hydraulic pump is
equipped with control means including means
responsive to a command given by start means
for giving a command to activate closing means
for close a hydraulic circuit to block the flow of a
hydraulic fluid therethrough, data collecting
means for causing displacement varying means
of the hydraulic pump to shift at least once in a
(+) direction and in a (—) direction until the port
pressure on the discharge side of the hydraulic
pump sensed by pressure sensing means
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becomes at least substantially equal to the same
predetermined pressure set beforehand for each
shifting direction and collecting data on the
values of the shifting of the displacement varying
means obtained when the port pressure becomes
substantially equal to the predetermined
pressure, and means for obtaining a mean of the
values collected by the data collecting means.
Thus, the invention enables the automatic neutral
point detection for the hydraulic pump to be
effected without relying on manual operations,
thereby enabling control of the hydraulic pump to
be accurately effected.

Claims

1. An automatic neutral point detecting system
for a hydraulic pump equipped with displacement
varying means capable of shifting both in a (+)
direction so as to provide a discharge at one of a
pair of ports thereof and in (—) direction so as to
provide a discharge at the other of said pair of
ports, said pump being connected through said
pair of ports to at least one hydraulic actuator to
form a hydraulic circuit for driving the hydraulic
actuator, comprising:

(a) means (8a, 8b) for sensing the port
pressures of the hydraulic pump;

{b} means (4) for detecting the shifting of the
displacement varying means (1a);

{c) means (3, 15) for closing the hydraulic circuit
to block the flow of a hydraulic fluid there-
through;

{(d) start means (10) for giving a command to
start detecting of the neutral point of the hydraulic
pump; and

{e) control means (9) for performing detection
of the neutral point of the hydraulic pump;

(f) said control means including:

(i} means (90) responsive to the command
given by said start means (10) for giving a
command to activate said closing means;

(ii) data collecting means (91) for causing the
displacement varying means to shift at least once
in the (+) direction and in the {~) direction based
on information from said pressure sensing means
{8a, 8b) and said shifting detecting means (4) until
the port pressure of the hydraulic pump on the
respective discharge side thereof sensed by said
pressure sensing means becomes at least sub-
stantially equal to the same predetermined
pressure set beforehand for each shifting direc-
tion, and collecting data on the values of the
means (4) for detecting of the shifting of the
displacement varying means obtained when said
port pressure each becomes substantially equal
to the predetermined value; and

(iii) means (92) for obtaining a mean of the
values collected by said data collecting means.

2. An automatic neutral point detecting system
as claimed in claim 1, wherein said data collecting
means (91) includes means (910} for determining
whether or not the port pressure of the hydraulic
pump on the discharge side thereof is higher than
the predetermined pressure set beforehand,
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means (911) for causing the displacement vary-
ing means to shift by a predetermined unit
amount when the port pressure is not higher
than the predetermined pressure, and means
{912) for reading the shifting of the displacement
varying means when the port pressure is sub-
stantially equal to the predetermined pressure.

3. An automatic neutral point detecting system
as claimed in claim 1, wherein said controi
means further includes

(iv) means (93) responsive to the command
given by the start means (10) for causing the
displacement varying means to shift to an instan-
taneous neutral position before said data collect-
ing means and said mean value producing
means start their operations.

4. An automatic neutral point detecting system
as claimed in claim 1, wherein said control
means further includes

(b) initial setting means (94} for deciding,
based on information from said pressure sensing
means, to direction in which the displacement
varying means first shifts in accordance with the
operation of said data collecting means before
said data collecting means and said mean value
producing means start their operations, means
for reversing the direction in which the displace-
ment varying means shifts after the displace-
ment varying means first shifts in the direction
as decided by the initial setting means and data
on the shifting thereof in said direction has been
collected.

5. An automatic neutral point detecting system
as claimed in claim 4, wherein said initial setting
means {94) includes means (940} for determining
whether or not one of the port pressure of the
hydraulic pump is higher than the predetermined
pressure when the displacement varying means
is in the instantaneous neutral position, and
means (941) for bringing the direction in which
the displacement varying means first shifts into
agreement with a direction in which said one
port pressure rises when the one port pressure is
not higher than the predetermined pressure and
bringing the direction which the displacement
varying means first shifts into agreement with a
direction in which the one port pressure drops
when the one port pressure is higher than the
predetermined pressure.

6. An automatic neutral point detecting system
as claimed in claim 1, wherein said closing
means (3) includes an on-off control valve con-
nected to the hydraulic circuit in a position
between the hydraulic pump and the hydraulic
actuator.

7. An automatic neutral point detecting system
as claimed in claim 1, wherein said closing
means (3) includes a brake system operative to
hold said hydraulic actuator in an inoperative
condition. .

8. An automatic neutral point detecting system
as claimed in claim 1, wherein said pressure
sensing means (8a,8b} includes a pair of
pressure sensors operative to continuously
measure the port pressures of the hydraulic
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pump, said pair of pressure sensors being con-
nected to a pair of main lines {a, b) of the
hydraulic circuit, respectively.

9. An automatic neutral point detecting system
as claimed in claim 1, wherein said pressure
sensing means includes a cylinder connected
between a pair of main lines of the hydraulic
circuit, a piston fitted in the cylinder for sliding
movement, and a pair of contact switches
arranged on the cylinder and rendered operative
as the piston moves in the cylinder.

Patentanspriiche

1. Automatische Neutraipunkt-Bestimmungs-
einrichtung flir eine Hydraulikpumpe, die ein
Verdrangungsversteilorgan aufweist, das sowohi
in eine (+)-Richtung zur Abgabe an einem von
zwei Auslidssen als auch in (—)-Richtung zur
Abgabe am anderen der beiden Auslasse ver-
schiebbar ist, wobei die Pumpe {iber dieses Paar
Ausldsse mit wenigstens einer hydraulischen
Stelleinheit verbunden ist unter Bildung eines
Hydraulikkreises zum Antreiben der hydrau-
lischen Stelleinheit, umfassend:

(a) Druckfiihler (8a, 8b), die die AusiaRdriicke
der Hydraulikpumpe erfassen;

{b) einen Detektor {4} zur Erfassung der Ver-
schiebung des Verdringungsverstellorgans (1a);

{c) Absperrorgane (3, 15), die den Hydraulik-
kreis schlieBen und den Durchflufz eines
Hydraulikfiuids durch ihn sperren;

(d) eine Starteinheit (10), die einen Befehl zum
Beginn der Bestimmung des Neutraipunkts der
Hydraulikpumpe erzeugt; und

{e) eine Steuerstufe (9), die die Bestimmung
des Neutralpunkts der Hydraulikpumpe durch-
fahrt;

{f} wobei die Steuerstufe aufweist:

(i) ein Glied (90), das aufgrund des von der
Starteinheit (10} ausgegebenen Befehls einen
Befehl zur Aktivierung der Absperrorgane aus-
gibt;

(i} eine Datensammeleinheit (91), die das
Verdrangungsverstellorgan veranlat, aufgrund
von Information von den Druckfiihlern (8a, 8b)
und vom Verschiebungsdetektor (4) wenigstens
eine Verschiebung in (+)-Richtung und in (—)-
Richtung durchzufiihren, bis der vom Druckfiihler
erfaRte AuslaBdruck der Hydraulikpumpe an
ihrer jeweiligen Forderseite wenigstens im
wesentlichen gleich dem vorher fir jede
Verschieberichtung eingestellten vorbestimmten
Druck wird, und die Daten bezliglich der Werte
des Verschiebungsdetektors (4) zur Erfassung
der Verschiebung des Verdréngungsverstell-
organs sammelt, wobei diese Werte erhalten
werden, wenn der jeweilige Auslal3druck im
wesentlichen gleich dem vorbestimmten Wert
wird; und

(iii) einen Geber (92), der einen Mittelwert aus
den von der Datensammeleinheit gesammelten
Daten bildet.

2. Automatische Neutraipunkt-Bestimmungs-
einrichtung nach Anspruch 1, wobei die Daten-
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sammeleinheit (91) aufweist: einen Entscheider
(910}, der entscheidet, ob der AusltaBdruck der
Hydraulikpumpe an deren Férderseite hoher als
der vorher eingestellte vorbestimmte Druck ist,
einen Steller (911), der das Verdrangungsverstell-
organ veranlaBt, sich um eine vorbestimmte
Betragseinheit zu verschieben, wenn der Auslaf3-
druck nicht hdher als der vorbestimmte Druck ist,
und eine Ausleseeinheit {912) zum Auslesen der
Verschiebung des Verdridngungsverstellorgans,
wenn der AuslaBBdruck im wesentlichen gleich
dem vorbestimmten Druck ist.

3. Automatische Neutralpunkt-Bestimmungs-
einrichtung nach Anspruch 1, wobei die Steuer-
stufe ferner aufweist

(iv) eine Einheit (93), die auf den von der Start-
einheit (10) ausgegebenen Befehl anspricht und
eine Verschiebung des Verdridngungsverstell-
organs in eine momentane Neutrallage bewirkt,
bevor die Datensammeleinheit und der Mittel-
wertgeber mit ihrer Operation beginnen.

4. Automatische Neutralpunkt-Bestimmungs-
einrichtung nach Anspruch 1, wobei die Steuer-
stufe ferner aufweist

{v) eine Anfangseinstelleinheit (94), die auf-
grund der Information von den Druckfiihlern die
Richtung bestimmt, in die das Verdrédngungs-
verstellorgan nach Mal3gabe der Operation der
Datensammeleinheit zuerst verschoben wird,
bevor die Datensammeleinheit und der Mittel-
wertgeber ihre Operation beginnen, und eine
Einheit zur Umkehrung der Richtung, in die das
Verdréngungsverstellorgan verschoben wird,
nachdem es zuerst in die durch die Anfangs-
einstelleinheit bestimmte Richtung verschoben
wurde und Daten hinsichtlich seiner Verschie-
bung in die genannte Richtung gesammelt wur-
den.

5. Automatische Neutralpunkt-Bestimmungs-
einrichtung nach Anspruch 4, wobei die Anfangs-
einstelleinheit (94) aufweist: ein Glied {940), das
bestimmt, ob einer der AuslaRdricke der
Hydraulikpumpe hdéher als der vorbestimmte
Druck ist, wenn sich das Verdrangungsverstell-
organ in der momentanen Neutrallage befindet,
und ein Glied (941), das die Richtung, in die das
Verdréngungsversteliorgan zuerst verschoben
wird, in Ubereinstimmung mit einer Richtung
bringt, in der dieser eine AuslaBdruck ansteigt,
wenn der eine AuslaBdruck nicht héher als der
vorbestimmte Druck ist, und das die Richtung, in
die das Verdrdngungsverstellorgan zuerst ver-
schoben wird, in Ubereinstimmung mit einer
Richtung bringt, in der der eine Auslalddruck sinkt,
wenn der eine AuslalRdruck héher als der vorbe-
stimmte Druck ist.

6. Automatische Neutralpunkt-Bestimmungs-
einrichtung nach Anspruch 1, wobei das Absperr-
organ (3) ein Schaltventil aufweist, das mit dem
Hydraulikkreis in einer Lage zwischen der
Hydraulikpumpe und der hydraulischen Stell-
einheit verbunden ist.

7. Automatische Neutralpunkt-Bestimmungs-
einrichtung nach Anspruch 1, wobei das Absperr-
organ (3) ein Bremssystem umfaf3t, das die

10

15

20

25

30

35

40

45

50

55

60

65

11

hydraulische Stelleinheit in einer Ruhestellung
hélt.

8. Automatische Neutralpunkt-Bestimmungs-
einrichtung nach Anspruch 1, wobei die Druck-
fithler (8a, 8b) ein Paar Druckfihler umfassen, die
die AuslaRdriicke der Hydraulikpumpe kontinuier-
lich erfassen, und wobei die Druckfiihler des
DruckfUhlerpaars jeweils an eine von zwei Haupt-
leitungen (a bzw. b) des Hydraulikkreises ange-
schlossen sind.

9. Automatische Neutralpunkt-Bestimmungs-
einrichtung nach Anspruch 1, wobei die Druck-
fuhler einen Zylinder, der zwischen ein Haupt-
leitungspaar des Hydraulikkreises geschaltet ist,
einen in den Zylinder eingesetzten und darin
verschiebbaren Kolben sowie zwei am Zylinder
angeordnete Kontaktschalter aufweisen, die bei
Verschiebung des Kolbens im Zylinder wirksam
werden.

Revendications

1. Systeme automatique de détection du point
neutre pour pompe hydraulique équipée avec des
moyens de variation de cylindrée susceptibles de
se déplacer aussi bien dans une direction (+) de
fagon a fournir une décharge a 'un d’une paire
d‘orifices de celle-ci que dans une direction {—) de
fagon a fournir une décharge a l'autre de ladite
paire d’orifices, ladite pompe étant connectée par
I'intermédiaire de ladite paire d'orifices a au
moins un dispositif d‘actionnement hydraulique
afin de former un circuit hydraulique pour com-
mander le dispositif d’actionnement hydraulique,
comportant:

a) des moyens (8a, 8b) pour détecter les pres-
sions des orifices de la pompe hydraulique;

b) des moyens (4) pour détecter le déplacement
des moyens de variation de la pression (1a);

c¢) des moyens (3, 15) pour fermer le circuit
hydraulique afin de bloquer ["écoulement d‘un
fluide hydraulique a travers celui-ci;

d) des moyens de démarrage {10} pour donner
un ordre pour démarrer la détection du point
neutre de la pompe hydraulique; et

e) des moyens de commande (9) pour effectuer
la détection du point neutre de la pompe
hydraulique;

f) lesdits moyens de commande comportant:

i} des moyens (90) réagissant a |'ordre donné
par lesdits moyens de démarrage (10) de fagon a
donner un ordre afin d'actionner lesdits moyens
de fermeture;

ii} des moyens de collecte des données (91)
pour provoquer le déplacement, au moins une
fois, des moyens de variation de cylindrée dans la
direction (+) et dans la direction (—) selon
I'information venant desdits moyens de détection
de la pression (8a, 8b) et desdits moyens de
détection de déplacement (4) jusqu’a ce que la
pression d'orifice de la pompe hydraulique sur le
coté de décharge correspondant de celle-ci,
détecté par lesdits moyens de détection de la
pression devienne au moins substantiellement
égale a la méme pression prédéterminée fixée a
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I"avance pour chaque direction de déplacement,
et la collecte de données sur les valeurs des
movyens (4) pour détecter {e déplacement des
moyens de variation de cylindrée obtenu lorsque
chacune desdites pressions d’orifices devient
substantiellement égale & la valeur prédéter-
minée; et

iii) des moyens (92) pour obtenir une moyenne
des valuers collectées par lesdits moyens de
collecte des données.

2. Systéme automatique de détection du point
neutre selon la revendication 1, dans lequel les-
dits moyens de collecte des données (31) compor-
tent des moyens {910) pour déterminer si oui ou
non la pression d’orifice de la pompe hydrauiique
sur le cOté de décharge de celle-ci est plus élevée
que la pression prédéterminée fixée a |'avance,
des moyens {911) pour provoguer le déplacement
des moyens de variation de cylindrée d'une
valeur unitaire prédéterminée lorsque la pression
d’orifice n'est pas plus élevée que la pression pré-
déterminée, et des moyens (912) pour lire le
déplacement des moyens de variation de cylin-
drée lorsque la pression d’orifice est substan-
tiellement égale a la pression prédéterminée.

3. Systéme automatique de détection du point
neutre selon la revendication 1, dans lequel les-
dits moyens de commande comportent de plus:

iv) des moyens (93) réagissant a I'ordre donné
par les moyens de démarrage (10) afin de pro-
voquer le déplacement des moyens de variation
de cylindrée jusqu’a une position neutre instan-
tanée avant que lesdits moyens de collecte des
données et lesdits moyens produisant la valeur
moyenne ne commencent a fonctionner.

4. Systéme automatique de détection du point
neutre selon la revendication 1, dans lequel les-
dits moyens de commande comportent de plus:

v} des moyens de mise au point initiale (94)
pour décider, suivant I'information venant desdits
moyens de détection de pression, de la direction
dans laquelle les moyens de variation de cylin-
drée se décalent en premier selon le fonctionne-
ment desdits moyens de collecte des données
avant que lesdits moyens de collecte des données
et lesdits moyens produisant la valeur moyenne
ne commencent a fonctionner, des moyens pour
inverser la direction dans laquelle les moyens de
variation de cylindrée se déplacent aprés que les
moyens de variation de cylindrée se soient tout
d'abord décalés dans la direction décidée par les
moyens de mise au point initiale et que les
données concernant le décalage de ceux-ci dans
ladite direction aient été collectées.
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5. Systéme automatique de détection du point
neutre selon la revendication 4, dans lequel les-
dits moyens de mise au point initiale (94) compor-
tent des moyens (940) pour déterminer si oui ou
non l'une des pressions d'orifices de la pompe
hydraulique est plus élevée que la pression pré-
déterminée lorsque les moyens de variation de
cylindrée sont dans la position neutre instan-
tanée, et des moyens (941) pour amener la direc-
tion dans laquelle les moyens de variation de
cylindrée se déplacent en premier en concor-
dance avec une direction dans laquelle ladite
premiére pression d'orifice s'éléve lorsque la
premiére pression d’orifice n'est pas plus élevée
que la pression prédéterminée et pour amener la
direction dans laquelle les moyens de variation de
cylindrée se déplacent en premier en concor-
dance avec une direction dans laquelle la pre-
miére pression d'orifice chute lorsque la premiére
pression d’orifice est plus élevée que la pression
prédéterminée.

6. Systéme automatique de détection du point
neutre selon la revendication 1, dans lequel les-
dits moyens de fermeture (3) comportent une
vanne de commande de marchearrét connectée
au circuit hydraulique dans une position entre la
pompe hydraulique et le dispositif d’actionne-
ment hydraulique.

7. Systéme automatique de détection du point
neutre selon la revendication 1, dans lequel les-
dits moyens de fermeture (3) comportent un
systeme de freinage fonctionnant de fagon a
maintenir ledit dispositif d"actionnement hydrau-
lique dans un état de repos.

8. Systéme automatique de détection du point
neutre selon la revendication 1, dans lequel les-
dits moyens de détection de pression (8a, 8b)
comportent une paire de détecteurs de pression
fonctionnant de fagon & mesurer en permanence
les pressions d'orifices de la pompe hydraulique,
ladite paire de détecteurs de pression étant con-
nectée a une paire de lignes principales (a, b) du
circuit hydraulique, respectivement.

9. Systéme automatique de détection du point
neutre selon la revendication 1, dans lequel les-
dits moyens de détection de pression comportent
un cylindre connecté entre une paire de lignes
principales du circuit hydraulique, un piston dis-
posé dans le cylindre pour un déplacement par
glissement, et une paire de commutateurs de
contact disposés sur {e cylindre et rendus inopé-
rants lorsque le piston se déplace dans le cylin-
dre.
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